Several studies have investigated whether particular Y chromosome haplogroups are associated with spermatogenic failure in Japanese males; however, they produced differing results. In this study, to investigate the association of Y chromosome haplogroup with spermatogenic failure, we recruited 451 infertile patients and 730 fertile men from a Japanese population and typed their Y chromosome haplogroups. The infertile patients were suffering from varicocele, azoospermia, oligozoospermia, asthenozoospermia, obstructive azoospermia, karyotype abnormalities, microdeletions of the long arm of the Y chromosome, or other conditions that affect fertility. The frequency of haplogroup D2* was significantly higher (odds ratio ¼ 2.28, 95% confidence interval ¼ 1.44-3.61, P ¼ 0.00034 using chi-square test) among the men with azoospermia than among the fertile men.
INTRODUCTION
Infertility is a major worldwide health problem. Approximately 10% of couples find it difficult to have their own children, and about 40-50% of these problems are due to male deficiency [1, 2] . The main causes of male infertility are spermatogenic failure, obstruction of the ejaculatory ducts, accessory sex organ infection, and sexual dysfunction, and more than 90% of cases of male infertility are caused by spermatogenic failure. Of these cases, about 60% involve idiopathic spermatogenic failure, such as azoospermia and oligozoospermia. Many previous studies have indicated that deletion of the azoospermia factor (AZF) regions of the long arm of the Y chromosome causes infertility. Many researchers have investigated the associations between spermatogenic failure and the deletion of regions of the long arm of the Y chromosome such as AZF a, b, and c; deleted in azoospermia (DAZ); ubiquitin-specific peptidase 9, Y-linked (USP9Y); and RNA-binding motif (RBM) [3] [4] [5] [6] .
We previously classified Japanese males into four Y chromosome haplotypes using three polymorphisms, SRY465, DXYS5Y (47z), and DYS287 (YAP), and studied their phenotypic variations. In 1999, Kuroki et al. reported that Japanese males with the Alu insertion (YAPþ) were at twice the risk of becoming azoospermic as Japanese males with the SRY465 ''T'' allele [7] . On the other hand, in 2003 Carvalho et al. did not detect any significant difference in Y chromosome haplogroup frequency between fertile and infertile Japanese males [8] . Furthermore, in a 2006 study involving Japanese males de Carvalho et al. did not detect any significant difference in the frequencies of haplogroup D sublineages between the infertile and control groups [9] .
The Y Chromosome Consortium (YCC) has established a nomenclature system for defining Y haplogroups, which classifies haplogroups from A to T and further subdivides them according to the presence/absence of various biallelic markers [10] . According to the haplogrouping and nomenclature system of the YCC, Japanese males mainly belong to haplogroups C, D2, D2a1, O2b*, O2b1, and O3* [11] .
In this study, we typed the Y chromosome haplogroups of infertile and fertile Japanese men according to the YCC criteria in order to investigate the associations between the Y chromosome haplogroups found in Japan and spermatogenic failure.
MATERIALS AND METHODS

Subjects
This was a case-control study. We used the metaphor package included with the statistical software R (version 2.14.2; The R Foundation for Statistical Computing, Tsukuba, Japan; http://www.R-project.org) to estimate the required sample size. As a result, we estimated that according to the haplogroup D frequencies of control and azoospermia patients reported by Kuroki et al. [7] 80 azoospermia patients and 700 fertile controls were required to achieve 80% power and a 5% type I error rate. We recruited infertile patients until we had a sufficient number of azoospermia patients. A total of 451 infertile male patients (34.2 6 5.2 y; mean 6 SD) and 730 fertile men (31.2 6 4.8 y; mean 6 SD) were included in our study. [12] . According to the WHO criteria, azoospermia was defined as the absence of sperm in ejaculate, oligozoospermia was defined as a sperm concentration of less than 20 3 10 6 /ml, and asthenozoospermia was defined as a progressively motile sperm frequency of less than 50%. Varicocele was diagnosed based on inspection and palpation of the scrotum with the patient in an upright position, and obstructive azoospermia was diagnosed based on testis size; the patient's hormone levels, including serum levels of follicle-stimulating hormone and luteinizing hormone; and the results of physical examinations, testis biopsies, and semen analysis. In addition, 730 fertile men were recruited from among the partners of pregnant women who attended obstetric clinics in four cities in Japan (Sapporo, Kanazawa, Osaka, and Fukuoka). We calculated pairwise F ST values for the Y chromosome haplogroup distributions of these cities using Arlequin version 3.5 [13] , but no significant differences were detected. This study was approved by the ethics committees of the University of Tokushima and St. Marianna Medical University. All participants provided written informed consent.
Y Chromosome Haplogrouping and Microdeletion Analysis
Genomic DNA was extracted from the subjects' peripheral blood samples with the QIAamp DNA Blood kit (Qiagen, Hilden, Germany). A total of 18 biallelic Y-chromosome markers were typed by assessing PCR product size (YAP and MSY2.2) [14, 15] , the absence/presence of PCR products (12f2b) [16] , and the PCR-restriction fragment length polymorphism methods (M174, LLY22g, M119, SRY465, and 47z) [17, 18] ; performing denaturing high performance liquid chromatography (RPS4Y, M213, M9, M95, and M122) [18] , direct sequencing methods (M15, M175, and P31) [18, 19] ; and assessing the absence/presence of PCR products using allele-specific primer (M55 and M214) [20] . The Y haplogroups were defined according to the nomenclature of the YCC [10] (Fig. 1) . Microdeletions in the AZF regions on the Y chromosome were analyzed by PCR at nine sequence-tagged sites, including sex-determining region Y (SRY), amelogenin Y-linked (AMELY)/X-linked (AMELX), DYZ3, USP9Y, DEAD box polypeptide 3 Y-linked (DDX3Y), RBM, DAZ, and DYZ1, as described in previous reports [3, 5] .
Semen Analysis
Semen samples were obtained once by masturbation after sexual abstinence for at least 48 h and were ejaculated into clean, wide-necked, sterile, nontoxic collection containers. The samples were protected from extremes of temperature and then were liquefied at 378C prior to their examination. Semen analysis was performed in accordance with the fourth edition of the WHO guidelines [12] .
Statistical Analysis
The frequencies of each haplogroup were compared between each infertile patient group and the fertile controls using an exact test in Arlequin version 3.5 [13] . The exact test was based on an extension of the 2 3 2 contingency table method, i.e., on an r 3 k contingency table, and was able to produce exact P values [21] . The associations between each haplogroup and the various forms of infertility were assessed using the Pearson chi-square test and the Fisher exact test. Odds ratios (ORs) and 95% confidence intervals (CIs) were computed with SPSS version 20.0 (SPSS, Inc., Chicago, IL). Statistical significance was indicated by P values of ,0.05.
RESULTS
To investigate the associations between the Y chromosome haplogroups found in Japan and spermatogenic failure, we typed the Y chromosome haplogroups of 451 infertile patients and 730 fertile men using the 16 Y chromosome markers shown in Figure 1 . The Japanese infertile and fertile men belonged to 12 haplogroups, and their haplogroup distributions are shown in Table 1 . O2b1 and O3* were the most dominant haplogroups among the whole study population, and C, D2, and D2a1 also displayed high frequencies. When we analyzed haplogroup frequency among the various groups of infertile patients, the azoospermia patients displayed a significantly different haplogroup distribution compared with the fertile controls (P ¼ 0.033) according to an exact test for population differentiation. We then analyzed the associations between each haplogroup and the various types of infertility, except karyotype abnormalities, microdeletions, and ''others.'' As a result, we found that the frequencies of haplogroups D2 and D2a1 were significantly higher in the azoospermia patients (25.6% and 26.8%, respectively) than in the fertile controls (15.5% and 17.1%, respectively), and these haplogroups displayed OR (95% CI) for azoospermia (vs. the fertile controls) of 1.88 (1.10-3.21) (chi-square test P ¼ 0.019, Fisher exact test P ¼ 0.027) and 1.78 (1.05-3.00) (chisquare test P ¼ 0.030, Fisher exact test P ¼ 0.035), respectively (Table 2) . Furthermore, the M55 lineage (haplogroup D2*: D2 þ D2a1) displayed a strong association with azoospermia compared to the fertile controls (OR ¼ 2.28, 95% CI ¼ 1.44-3.61, chi-square test P ¼ 0.00034, Fisher exact test P ¼ 0.00054). On the other hand, haplogroup O3* was found less frequently in the azoospermia patients (9.8%) than in the fertile controls (19.9%), and its OR (95% CI) for azoospermia (vs. the fertile controls) was 0.44 (0.21-0.93) (chi-square test P ¼ 0.026, Fisher exact test P ¼ 0.025). None of the other infertile groups displayed significant differences in their haplogroup frequencies compared with the fertile controls. However, because this study included only small numbers of oligozoospermia, asthenozoospermia, and obstructive azoospermia patients, further studies with larger sample sizes are required to confirm whether particular Y chromosome haplogroups are associated with these types of infertility. Others (14) 1 ( 
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DISCUSSION
Previously, Kuroki et al. reported that Japanese males with the Alu insertion (YAPþ: haplogroup D þ E) were at significantly greater risk of azoospermia than those with the SRY465 T allele (haplogroup O2b* þ O2b1) [7] . However, Carvalho et al. [8] and de Carvalho et al [9] reported that there was no significant association between Y chromosome haplogroup frequency and spermatogenic failure in Japanese males. In this study, we found that Y chromosome haplogroup D2* displayed a significantly higher frequency among patients with azoospermia than among fertile men. Although YAPþ is defined as haplogroup D plus haplogroup E, most Japanese men with YAPþ belong to haplogroup D2*. Carvalho et al. reported that the frequency of YAPþ was 35% in fertile controls and 25% in idiopathic azoospermia patients [8] . On the other hand, we detected YAPþ at frequencies of 32.6% and 52.4% in the fertile controls and azoospermia patients, respectively. Thus, YAPþ displayed similar frequencies in the fertile controls in the two studies; however, its frequency in azoospermia patients differed between the two studies. Carvalho et al. collected azoospermia patient samples from the Kinki region of Japan (Hyogo Prefecture) [8] , whereas we collected ours from the Kanto region (Kanagawa Prefecture). It is possible that the Y chromosome haplogroup distributions of these regions of Japan differ. However, Kuroki et al. recruited subjects from both Kinki (Osaka Prefecture) and Kanto (Kanagawa Prefecture) [7] , and we did not detect significant differences in the Y chromosome haplogroup distributions of the four cities from which we collected the fertile controls. In addition, we found that the frequency of YAPþ among the infertile patients, except those with azoospermia, was 33.6%. Therefore, we consider that the discrepancies between our results and those of Carvalho et al. [8] and de Carvalho et al [9] were not due to geographic differences.
Repping et al. reported that the AZFc partial deletion gr/gr is a male infertility risk factor and that all members of the M116 lineage (classified within the M55 lineage: haplogroup D2*) possess gr/gr-deleted chromosomes [22] . However, two other studies found that there was no association between the frequency of gr/gr deletions and spermatogenic failure in Japanese populations. de Carvalho et al. reported that all gr/grdeleted samples (in both the infertile and control men) belonged to the haplogroup D2* lineage, but that there was no association between the frequency of gr/gr deletions and spermatogenic failure [9] . Sin et al. reported that haplogroup D (M174 lineage: haplogroup D* þ D1 þ D2 þ D2a1) displayed the highest gr/gr deletion frequency (84.5%) and that the infertile and control subjects that did not belong to haplogroup D displayed a low frequency of gr/gr deletion [23] . In addition, the gr/gr-deleted samples exhibited reduced copy numbers of some testis-specific genes and transcription unit families such as basic charge Ylinked 2 (BPY2), DAZ, chromodomain protein Y-linked 1 (CDY1), etc., on the Y chromosome [22, 24] . Usually, there are three copies of BPY2, four copies of DAZ, and two copies of CDY1 on the Y chromosome, but the gr/gr-deleted Y chromosomes contained only two, two, and one copies of these genes, respectively. In a study involving a Chinese Han population, it was reported that gr/gr deletions involving two copies of DAZ and one copy of CDY1 were more frequent in the azoospermic/oligozoospermic group than in the normozoospermic group [25] . However, Sin et al. reported that the loss of two copies of DAZ and one copy of the CDY1 gene was not associated with spermatogenic impairment in haplogroup D in a Japanese population [23] . Individuals belonging to haplogroup D2* are not necessarily azoospermic; however, other risk factors for male infertility might be borne on the Y chromosome or other chromosomes belonging to haplogroup D2* in Japanese.
There have been two association studies of the links between Y chromosome haplogroups and spermatogenic failure in Han Chinese populations. Lu et al. reported that haplogroup K* displayed a significantly higher frequency among azoospermic/oligozoospermic patients than among controls [26] . Yang et al. reported that the frequency of haplogroup K* was significantly higher, and those of C* and O3* were significantly lower, in azoospermic/oligozoospermic patients without AZFc deletions compared to normozoospermia subjects without AZFc deletions [27] . Haplogroup K* was also predominantly found in the infertile males in a Latvian population [28] . As haplogroup K* is found at a low frequency in the Japanese population, we could not investigate the association between haplogroup K* and spermatogenic failure. On the other hand, our study indicated that haplogroup O3* displays a lower frequency in azoospermia patients than in fertile controls. This finding supports those reported by Yang et al. [27] . However, we do not know why O3* reduces an individual's susceptibility to spermatogenesis failure; thus, further studies are required to elucidate this.
In summary, we found that haplogroup D2* displayed a significantly higher frequency among azoospermia patients than among infertile men in a Japanese population. Thus, Y chromosome lineage might have a strong influence on spermatogenesis.
